The prognosis of rheumatoid arthritis (RA) has greatly changed in the last two decades, with many new treatment options, including biological agents, leading to good control of disease activity and prevention of structural damage and long-term disability. [1] [2] [3] In parallel, the importance of early effective therapy and the implications of disease activity on function and joint destruction have led to 'tight control' and 'treat-to-target' therapeutic strategies. [4] [5] [6] [7] [8] [9] When initiating a new treatment, the target in the European League Against Rheumatism (EULAR) guidelines 10 is remission or low disease activity (LDA). Indeed, targeting remission is often associated with good functional outcome and reduced structural progression. 11 For many years, clinical remission was defined by a disease activity score in 28 joints (DAS28) ≤2.6, 12 which was widely used in clinical trial outcomes. 13 However, this score has been criticised because residual disease activity was frequently observed in patients with DAS28 remission. [14] [15] [16] Recently, the American College of Rheumatology (ACR) and EULAR proposed more stringent criteria for defining remission with Boolean criteria ≤3 or Simple Disease Activity Index (SDAI) ≤3. 3 . 17 However, the validation of such criteria for long-term outcomes, especially functional impairment and structural damage, is needed. These criteria have been proposed for clinical trials, but experts have suggested that they can be used for daily practice.
Several studies showed a low prevalence of clinical remission according to the EULAR definition in clinical trials or in routine practice, whereas targeting LDA is often easier with a large sample of patients. [18] [19] [20] Thus, aiming at LDA might be an alternative goal, and most studies have pooled patients in remission and LDA when assessing the association of disease activity and structural damage. Few studies have examined the difference between patients in remission and LDA in terms of long-term outcomes such as structural damage and functional impairment.
Using data for patients with early RA from the ESPOIR cohort, we aimed to evaluate the impact of achieving remission versus LDA comparing the SDAI, Clinical Disease Activity Index (CDAI) and DAS28 at 1 year on 3-year structural damage and functional impairment.
METHODS Patients
This study used data from a large national, multicentre, longitudinal, prospective cohort of 813 patients with early arthritis in France, the Etude et Suivi des POlyarthrites Indifférenciées Récentes (ESPOIR) cohort. The characteristics of the cohort were described previously. 21 Briefly, 813 patients with early arthritis recruited in 14 clinical centres in France with arthritis duration <6 months and no prior treatment with disease-modifying antirheumatic drugs (DMARDs) or glucocorticoids were included between 2002 and 2005. Patients underwent clinical, functional, biological and radiological assessments at baseline and at each visit. For the present study, we selected patients who fulfilled the 2010 ACR/EULAR criteria 22 for RA at least once within the first 3 years of follow-up and had an SDAI score at 1 year (n=625).
Local institutional review boards approved the study, and written informed consent was obtained from all subjects. 21 Clinical, biological and immunological data Clinical data All patients underwent a clinical examination at baseline and 6, 12, 18, 24 and 36 months. We collected data on demographic characteristics including age, gender, symptom duration, smoking habits, tender joint count in 28 joints, swollen joint count in 28 joints, patient global assessment on a Visual Analogue Scale (VAS), physician global assessment on a VAS at each visit as well as current treatment with DMARDs, biological DMARDs use and mean dose of glucocorticoids used.
Biological and immunological data
Erythrocyte sedimentation rate (ESR) and C reactive protein (CRP) were measured at each visit. Titres of anti-CCP2 antibodies (anticitrullinated peptides antibodies (ACPA); ELISA, DiaSorin, France; positive >50 U/mL) were quantified at baseline in a central lab. Patients were classified as having no, low and high titres of ACPA by anti-CCP2 antibodies <50, 50-150 and >150 U/mL, respectively.
Disease activity assessment
Disease activity assessed by the SDAI 23 was calculated as follows: TJC28+SJC28+patient global VAS (cm)+physician global VAS (cm)+CRP (mg/dL). CDAI 24 was calculated as follows: TJC28+SJC28+patient global VAS (cm)+physician global VAS (cm). DAS28 25 was calculated as follows: 0.56√(TJC28)+0.28√(SJC28)+0.70ln (ESR)+0.014 (patient global VAS (mm)).
Clinical disease activity states were defined 26 as remission, SDAI≤3.3, CDAI≤2.8 or DAS28<2.6; LDA, SDAI 3.3-11, CDAI 2.8-10 or DAS28 2.6-3.2; and moderate or high disease activity, SDAI >11, CDAI >10 or DAS28 >3.2.
Functional impairment
Functional impairment was assessed by the Health Assessment Questionnaire Disability Index (HAQ-DI) measured at baseline and at each visit (6, 12, 24 and 36 months) . Only HAQ-DI at 3 years was used to assess the relationship between disease activity and functional impairment.
Radiography
Baseline and 3-year radiographs of the hands, wrists and feet were read by one rheumatologist (GT) who was aware of the temporal order and assessed by the modified Sharp-van der Heijde score. 27 The reader was blinded to patient identity, characteristics and treatment. The results were expressed as total Sharp score (mTSS). Intrareader correlation coefficient was 0.97; the smallest detectable change was about 1 point. 28 The details of the method of radiographs scoring are available in online supplementary material.
Statistical analysis
Descriptive statistics were used to describe the characteristics of the sample. Continuous variables are presented as mean (SD) and categorical variables as number ( percentage).
Missing data management
Starting from a dataset of 625 patients, 496 (79.4%) and 535 (85.6%) patients, with no missing information for the two outcomes of interest, remained for analysis of mTSS and HAQ-DI scores, respectively, at 3 years.
We managed the remaining missing data for data on glucocorticoids, DMARDs and biological DMARDs intake by assuming an MAR mechanism of missing data, with the multiple imputation method Multivariate Imputation by Chained Equation.
29 30 The details of the procedure are available in online supplementary material.
Univariate analyses
The primary objective of the study was to compare the mTSS and HAQ-DI scores at 3 years according to SDAI status at 6 months and 1 and 2 years. The mean mTSS and HAQ-DI score at 3 years was compared by SDAI status by z test at each assessment. The same analyses were performed for structural progression defined by the mTSS difference between baseline and 3 years. The same analyses were repeated taking into account the CDAI, then the DAS28 as disease activity scores and at 6 months and 1 and 2 years. The 3-year progression of mTSS by SDAI status at 6 months and 1 and 2 years was represented as a cumulative probability plot. Demographic and clinical characteristics as well as treatment at baseline, 6, 12, 18, 24 and 36 months were compared by SDAI status at 1 year by χ 2 test for dichotomous variables and z test for continuous variables.
Multivariate analysis
The multivariate model used was the linear mixed model proposed by Laird and Ware 31 with stepwise inclusion, 32 including SDAI status, glucocorticoids, DMARDs intake, biological agents intake, ACPA, smoking habits, baseline erosions, age and sex as covariables. The details of the model are available in online supplementary material.
The same procedure was used to model the HAQ-DI score at 3 years.
Furthermore, another time-dependent longitudinal mixed model was tested and detailed in the online supplementary material.
All analyses involved use of R software (nlme package).
RESULTS

Characteristics of RA patients
Among the 813 patients with early RA included in ESPOIR cohort, 698 fulfilled the 2010 ACR/EULAR criteria within the first 3 years of follow-up and had more active disease at baseline, as was previously reported. 33 Among the 698 patients, 625 had SDAI data available at 1 year. The flow chart of the selection of patients is in online supplementary figure S1. The main baseline characteristics of patients fulfilling the 2010 ACR/ EULAR criteria for RA in the ESPOIR cohort with available SDAI at 1 year (n=625) as well as the main 1-and 3-year characteristics of patients with available radiograph data (n=496) and HAQ-DI score (n=535) at 3 years are in table 1. All three samples had similar clinical characteristics.
The proportion of patients in remission versus LDA at 1 year was higher when using the DAS28 criterion rather than SDAI or CDAI criteria (see online supplementary table S1).
Association of baseline characteristics and SDAI remission or LDA status at 1 year
Patients in SDAI remission at 1 year were younger than those in SDAI LDA for those with both radiographs and HAQ-DI score at 3 years ( p<0.0001). Furthermore, erosive disease at baseline was greater for patients with SDAI LDA than remission at 1 year for those with HAQ-DI data at 3 years ( p=0.04) (table 2).
Patients achieving SDAI remission or LDA at 1 year did not differ in mean delay to the first DMARD defined by the difference between first DMARD intake and first symptoms of the disease (14.9 vs 13.1 months, p=0.4 for patients with radiographs at 3 years and 14.9 vs 13.2 months, p=0.5, for those with HAQ-DI at 3 years); DMARDs use at 1 year (79.9% vs 80.9%, p=0.9, and 79.6% vs 81.3%, p=0.8, respectively); and biological DMARDs use at 1 year (18.0% vs 15.5%, p=0.4 and 18.3% vs 15.6%, p=0.5, respectively). Glucocorticoids use was higher but not significantly for patients with LDA than remission at 1 year (33.0% vs 43.8%, p=0.1, with radiographs at 3 years and 33.0% vs 44.9%, p=0.06, for those with HAQ-DI at 3 years).
Association of SDAI remission or LDA status at 6 months and 1 and 2 years and mTSS at 3 years and 3-year structural progression We found no difference between patients in remission or LDA at 6 months in terms of mTSS at 3 years for all disease activity scores used (table 3) . Structural damage by the mTSS at 3 years was lower for patients in SDAI remission than LDA at 1 year (mean mTSS: 9.6 vs 15.8, p=0.0007); this difference was also observed with use of the CDAI but not DAS28 at 1 year (table 3) . Mean mTSS was lower at 3 years for patients in SDAI remission than LDA at 2 years (table 3, figure 1 ) by the SDAI or CDAI but not DAS28. Furthermore, mTSS progression was lower for patients in SDAI or CDAI remission than LDA at 1 or 2 years (table 3, figure 1 ).
Association of SDAI remission or LDA status at 1 year and functional status (HAQ-DI) at 3 years
Functional impairment assessed by HAQ-DI at 3 years was lower for patients in remission than with LDA at 6 months (table 4) with the SDAI, CDAI or DAS28. HAQ-DI was lower at 3 years for patients in SDAI remission than LDA at 1 year (mean HAQ-DI: 0.23 vs 0.43, p=0.0002, Mann-Whitney test); this difference was also observed with use of the CDAI and DAS28 at 1 year. Mean HAQ-DI at 3 years was lower for patients in remission than LDA at 2 years by the SDAI or CDAI but not DAS28 (table 4) .
Factors predicting mTSS or HAQ-DI score at 3 years by SDAI remission or LDA status at 1 year Association with 3-year mTSS
To adjust for potential confounders, we used a multivariate linear mixed model to predict log(mTSS) at 3 years by SDAI status at 1 year. The results for the final model are summarised in table 5. SDAI status at 1 year was significantly associated with structural progression of mTSS at 3 years ( p<0.001). The mean (SD) difference estimated with contrast method between SDAI remission and LDA at 1 year in log(mTSS) progression within 3 years was −0.427 ( p=0.0015) and at 2 years 0.189 ( p=0.0077). The other variables significantly associated with structural progression within 3 years were age, presence of baseline erosions and ACPA presence; biological DMARDs use at 6 months and 2 years were associated with a low risk of mTSS progression within 3 years ( p=0.010 and p=0.059, respectively), as was glucocorticoids use at 18 months ( p=0.009).
The time-dependent longitudinal mixed model gave similar results (see online supplementary table S2) and showed a significant difference between patients in SDAI remission at 1 year versus SDAI LDA in terms of structural mTSS progression within 3 years.
Association with 3-year HAQ-DI
On multivariate analysis, the association of SDAI status and HAQ-DI score did not remain significant (p=0.84, contrast method, data not shown).
DISCUSSION
According to the EULAR recommendations for RA, 10 treatment should aim at a target of remission or LDA in every patient. This aim should be reached at least 3-6 months after initiating the treatment and patients should be monitored every 1-3 months to adapt therapy to the target. The EULAR also proposed new Table 2 Baseline patient characteristics by SDAI remission or LDA at 1 year by radiographs and HAQ-DI score available at 3 years
Patient characteristics
Patients with radiographs at 3 years, n=496
Patients with HAQ-DI at 3 years, n=535
Remission at 1 year n=94
LDA at 1 year n=178 criteria for the definition of remission, 17 including the use of SDAI or Boolean criteria. In our study, we found no significant difference in structural damage by the mTSS at 3 years between patients with SDAI remission or LDA at 6 months, but aiming for SDAI remission instead of LDA at 1 year was associated with better structural scores at 3 years and should be a preferential goal in early RA.
To date, few studies have examined the long-term evolution of RA in patients in clinical remission and LDA. In the OPTIMA trial, 34 a randomised clinical trial comparing two strategies of treatment in early arthritis, radiographic scores expressed in mTSS at week 26 were better for patients receiving methotrexate plus placebo with SDAI remission rather than DAS28-CRP LDA. This difference was not observed with Figure 1 Cumulative probability plots of the progression of mTSS within 3 years according to Simple Disease Activity Index (SDAI) status (remission vs low disease activity (LDA)) at 6 months (A), 1 year (B) and 2 years (C). mTSS, modified Sharp-van der Heijde total score; CDAI, Clinical Disease Activity Index; DAS28, Disease Activity Scale in 28 Joints. 35 structural scores at 3 years were better for patients in DAS28 remission than LDA for only ACPA-positive patients. Because long-term structural outcomes did not differ by DAS status in ACPA-negative patients, the authors suggested that DAS28 LDA could be a target for ACPA-negative patients.
In this study, we found no difference in 3-year structural scores between patients in DAS28 remission and LDA at 6 months or 1 or 2 years. Therefore, the SDAI remission criterion may be more stringent and lead to better structural outcomes, whereas DAS28 remission may be no better than LDA in preventing long-term structural damage. In this study, we focused on SDAI criterion to follow EULAR's recommendations for the definition of remission. However, use of the CDAI led to similar results, and this index may be helpful in clinical practice because no biological test is needed to calculate the score.
Several studies have shown that the goal of remission is difficult to obtain in clinical practice 18-20 36 37 and that LDA is more feasible. Furthermore, the proportion of patients who maintain remission during follow-up is low. 37 One difficulty in classifying patients in remission according to the new ACR/ EULAR criteria is obtaining patient global assessment ≤1, because most patients report higher global assessment scores, which can be influenced by non-inflammatory conditions. 10 38-40 In this study, structural outcomes were better with the target of SDAI remission at 1 year in patients treated in clinical practice and may be preferred to LDA status.
We found a difference in 3-year structural outcomes between patients in SDAI remission and LDA at 1 and 2 years but not 6 months. Thus, as the EULAR recommended, SDAI remission or LDA is an appropriate target in early RA at 6 months, but SDAI remission at 1 and 2 years should be preferred to prevent long-term structural damage.
In this study, as was previously shown, the strongest predictors of structural damage in the multivariate analysis were the baseline mTSS and ACPA presence. Biological DMARDs or glucocorticoids intake also had a significant effect on structural outcome. These results must be interpreted with caution because they are from an observational study and not a randomised trial and we did not use a propensity score in this model since the main objective was to study the relationship between SDAI status and 3-year outcomes and not the impact of biological DMARDs on structural progression.
This study has several limitations. The ESPOIR cohort was an inception cohort study of early RA with no treatment strategy recommended to physicians. Thus, various DMARDs could be initiated, including biologics therapy, and several regimens of glucocorticoids were given within the first 3 years of follow-up. This treatment might introduce potential bias in interpreting the results. However, we included DMARDs, cumulative glucocorticoids and biologics use in the multivariate analysis to adjust for these confounding factors. Furthermore, patients in the ESPOIR cohort were monitored every 6 months the first 2 years, then yearly. Our multivariate analysis involved a linear mixed model and included disease activity scores at each assessment to control for disease activity during the whole follow-up. However, potential flares of the disease could occur between two assessments and were not captured in the database of the ESPOIR cohort. In this study, the assessment of disease activity at 1 year did not imply that patients had started a DMARD for 1 year. To be included in ESPOIR cohort, patients had to be DMARD-naive, and most patients began their treatment just after inclusion in the cohort (mean delay before first DMARD intake about 1 month). Thus, the visit at 1 year after inclusion in the ESPOIR cohort might be a good approximation of disease assessment 1 year after beginning the DMARD (mean DMARDs exposure at 1 year: 11.1 months, SD 2.0).
Despite these methodological limitations, this study identified a significant difference in 3-year radiographic disease scores between patients in SDAI remission and LDA 1 year after the diagnosis of RA in patients treated in routine practice. The EULAR recommends aiming for remission or at least LDA within 3-6 months after beginning a DMARD; 41 our data suggest that aiming for SDAI remission at least within the first year after the first DMARD initiation is the best target for early RA treated in clinical practice. 
